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(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress higher order 
mode propagation, to suppress waveguide loss and to 
increase optical output when the light from a light 
emitting element of an end face light transmission type is 
subjected to end face coupling at the incident end face of 
an optical waveguide. 

SOLUTION: The core end face portion at the incident 
end face of the optical waveguide WG1 is formed as a 
planoconvex surface part 4. While a laser beam emitted 
from the active layer 1 1 of the light emitting element 10 
has spreading components to a certain extent in a 
horizontal direction and a vertical direction. The 
horizontal components among these components are 
converged by the lens effect of the planoconvex surface 
part 4 and are eventually propagated in the state of a small incident angle to parallel light 
beams or at the boundary between a core 3 and a clad 2, i.e., lower order mode propagation 
is eventually made possible. The planoconvex surface part 4 may be formed by anisotropic 
etching via an etching mask having a similar edge profile. When the core end face is nearly a 
spherical surface, the vertical components in addition to the horizontal components are 
converged as well. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]Lightwave signal transmission systems comprising: 

An optical waveguide which consists of a core part and a clad part which surrounds this core 
part, and extends in field inboard of this substrate on a substrate. 

It is allotted to the incident end face side of said optical waveguide on said substrate, and has 
a light emitting device which emits light to field inboard of this board, A music convex part from 
which it is the lightwave signal transmission systems made as [ make / introduce light from 
said light emitting device into said core part by end face combination, and / it / spread ], and 
the end face of said core part serves as a convex toward said light emitting device in an 
incident end face of said optical waveguide at least. 

[Claim 2]The lightwave signal transmission systems according to claim 1, wherein said music 
convex part is a convex in either [ at least ] a section profile of field inboard of said substrate, 
or a vertical section profile. 

[Claim 3]The lightwave signal transmission systems according to claim 1, wherein each of said 
core parts and said clad parts consists of polymer materials. 

[Claim 4]A manufacturing method of lightwave signal transmission systems characterized by 
comprising the following. 

The 1st process formed so that an optical waveguide which consists of a core part and a clad 
part which surrounds this core part may be made to extend on a substrate at the field inboard. 
The 2nd process of forming in the surface of said clad part an etching mask which has the 
edge profile projected by music convex shape in areas of overlap with said core part. 
The 3rd process of forming an incident end face of music convex shape by etching said optical 
waveguide via said etching mask until the whole section of a core part is exposed at least. 
The 4th process mounted in a removing part of said optical waveguide so that a light emitting 
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device which emits light to field inboard of said substrate may be made to counter said incident 
end face. 

[Claim 5]A manufacturing method of the lightwave signal transmission systems according to 
claim 4, wherein a section profile in field inboard of said substrate forms a core part used as a 
convex by performing etching in said 3rd process under anisotropic etching conditions. 
[Claim 6]Said core part and said clad part are formed using material in which etch rates differ 
mutually, A manufacturing method of the lightwave signal transmission systems according to 
claim 4 making the end face of this core part project from an incident end face of said optical 
waveguide by performing etching in said 3rd process under conditions which make an etch 
rate of this core part small compared with this clad part. 

[Claim 7]By heat-treating at temperature which may be made to transform only this core part, 
and rounding off the projected end face, after forming said core part using material with a low 
glass transition temperature compared with said clad part and completing etching in said 3rd 
process, A manufacturing method of the lightwave signal transmission systems according to 
claim 6 forming a core part from which a vertical section profile also becomes a convex to said 
substrate. 

[Claim 8]A manufacturing method of the lightwave signal transmission systems according to 
claim 4 forming said optical waveguide using a polymer material. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]ln the lightwave signal transmission systems which make an optical 
waveguide carry out end face combination of the light from an end face light emitting device, 
this invention relates to the structure which forms combination into the low following mode and 
enables reduction of waveguide loss of it, and the method of manufacturing this simple. 
[0002] 

[Description of the Prior Art]These working speeds and accumulation scales improve by 
progress of IC art or LSI technology, and highly-efficient-izing of microprocessor ** and large 
scale-ization of a memory chip are progressing quickly. Under such a situation, a high speed 
and densification, and electric wiring delay of signal wiring pose an obstacle for the above- 
mentioned highly-efficient-izing. As art which can solve this problem, optical interconnection 
(optical wiring) attracts attention. Although it is thought that application to various hierarchies, 
such as between the chips between the boards between apparatus devices and in an 
apparatus device and in a board, is possible for optical wiring, the lightwave signal 
transmission systems which make an optical waveguide a transmission line are effective in a 
comparatively short-distance signal transmission like [ during a chip ], for example. 
[0003]Here, when applying the optical wiring which uses an optical waveguide to the 
transmission line for multi chip modules (MCM) to which for example, between LSI is 
connected, end face luminescence type a laser diode (LD) and a light emitting diode (LED) are 
used as a light emitting device of the transmitting side from before. The example of 
composition of the typical lightwave signal transmission systems which used the optical 
waveguide and end face luminescence type light emitting device is shown in drawing 9 . In 
drawing 9 (a), optical waveguide WG3 which extends in the field inboard is formed on the 
substrate 21. This optical waveguide WG3 surrounds the core 23 by the clad 22 which consists 
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of material whose refractive index is lower than this. Optical waveguide WG3 has a vertical 
processed surface to the substrate 21 , and the vertical flat surface of the core 23 exposed to 
this processed surface is made into the core end face 23a. 

[0004]The light emitting device 30 is mounted on the above-mentioned substrate 21. When the 
above-mentioned light emitting device 30 is a laser diode, the longitudinal direction of the 
active layer 31 has agreed in the extending direction of the above-mentioned core 23, and is 
made as [ carry out / beam-spot BS from the end of this active layer 31 / to the center section 
of the core 23 / image formation ]. Here, the light emitting device 30 is correctly mounted on 
the clad 22 which had a part of thickness left behind on [ instead of right above the substrate 
21 ] this substrate 21 . This is for adjusting the position of beam-spot BS according to the main 
height of the core 23. What is called an end face connection type that enters directly the light 
from the end face of the active layer 31 in the core 23 as shown in drawing 9 is effective, 
without making optics, such as a lens for optical convergence, intervene among both, in order 
to raise the coupling efficiency of light emitting device 30 and optical waveguide WG3 and to 
reduce a noise. 
[0005] 

[Problem(s) to be Solved by the lnvention]By the way, the light from the light emitting devices 
30, such as a laser diode, has an certain amount of angle of divergence to the field inboard 
and the perpendicular direction of the substrate 21, and since the angles of divergence in 
these both directions differ mutually, generally beam-spot BS shape serves as an ellipse. 
When the above-mentioned optical waveguide WG3 is an optical waveguide for multi-mode 
propagation and an end face connection type is adopted here, Since a means by which 
incident light is converged on the top where the cross-section area of the core 23 is large does 
not exist, even the large beam peripheral part ingredient of an angle of divergence will 
combine with the core 23, and what is called higher mode combination will arise. This state is 
shown in drawing 9 (b) and drawing 9 (c). The typical plan of the lightwave signal transmission 
systems which showed drawing 9 (a) drawing 9 (b), and drawing 9 (c) are the typical sectional 
views in alignment with the center line of optical waveguide WG3. 

[0006]ln higher mode, while light repeats reflection at a big angle in the interface of the core 23 
and the clad 22, in order to spread, compared with the low following mode, the reflecting times 
per unit travelling distance increase. As a result, waveguide loss increases and there is a 
problem that the output of the emitted light of an optical waveguide declines. Therefore, when 
making a multi-mode optical waveguide carry out end face combination of the light from a light 
emitting device, combination is formed as much as possible into the low following mode, 
waveguide loss is suppressed, and increasing an output leads to stable lightwave signal 
transmission. Then, an object of this invention is to provide the method of manufacturing this 
simple to the lightwave signal transmission systems which enable starting stable lightwave 
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signal transmission. 
[0007] 

[Means for Solving the Problem]ln lightwave signal transmission systems made as [ make / 
introduce light from a light emitting device into said core part by end face combination and / it / 
spread ], this invention makes the end face of said core part at least a music convex part which 
serves as a convex toward a light emitting device in an incident end face of an optical 
waveguide. By a lens effect of this music convex part, a large beam peripheral part ingredient 
of an angle of divergence can also spread now an inside of a core part as well as a small 
beam ingredient of an angle of divergence in the low following mode seemingly, and the 
above-mentioned purpose is attained. 

[0008]ln order to form this music convex part, on the surface of a clad part of an optical 
waveguide beforehand formed along with the field inboard on a substrate. What is necessary 
is to form an etching mask which has the edge profile projected by music convex shape in 
areas of overlap with a core part, and just to etch an optical waveguide until the whole section 
of a core part is exposed at least via this etching mask. 
[0009] 

[Embodiment of the lnvention]The lightwave signal transmission systems of this invention 
control generating of the higher mode propagation which was the demerit of end face 
combination by giving a lens effect to the core end face. The music convex part of the core end 
face is taken as a convex in either [ at least ] the section profile of the field inboard of a 
substrate, or a vertical section profile. When it is a convex only in the section profile of field 
inboard, a funneling effect is acquired only to the ingredient within a field of a beam, and when 
it is a convex only in a vertical section profile, a funneling effect is acquired only to the vertical 
component of a beam. When it is a convex in the section profile of both field inboard and a 
perpendicular direction, a funneling effect is acquired to the beam ingredient which spreads in 
all the directions. The music convex parts in this invention may be any of a surface of a sphere 
and an aspheric surface. 

[0010]What is necessary is just to adopt anisotropic etching conditions, when etching an 
optical waveguide via the etching mask which has the edge profile projected by music convex 
shape in areas of overlap with a core part, in order to form the core part that the section profile 
of field inboard becomes a convex. Anisotropic etching can be attained by raising the 
incidence energy of the ion to a workpiece by methods, such as bias application, in reactive 
ion etching which used plasma, for example. The incident end face formed becomes almost 
vertical to a substrates face by this, and the clad end face and the core end face are formed as 
a successive surface. 

[001 1]On the other hand, in order to form a core part from which a vertical section profile also 
becomes a convex in addition to field inboard, The end face of a core part is made to project 
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from the incident end face of said optical waveguide by forming the core part and the clad part 
using the material in which etch rates differ mutually beforehand, and etching on the conditions 
that the etch rate of a core part becomes slow compared with a clad part. Such etching can be 
performed under an isotropic etching condition. The wet etching for which the etching condition 
generally used the suitable etching reagent for ******, or the dry etching which makes a radical 
reaction a subject realizes. The state of the edge of the lobe of a core part changes with size of 
the etch selectivity at this time. When the etch selectivity between a core part and a clad part is 
not so large, the edge of a lobe becomes to some extent round during this etching. Therefore, 
if it seems that lens effect sufficient as [ this ] can be demonstrated and a good optical 
funneling effect can be expected, especially subsequent processing is unnecessary. 
[0012]However, when demonstrating more sufficient lens effect, it is much more preferred to 
round off a lobe by heat treatment. However, in order to change only a core part during heat 
treatment and to make it not change a clad part, the material selection which also took glass 
transition temperature into consideration in addition to the above-mentioned etching properties 
is important. That is, the lobe of a core part changes to the music convex decided by the 
viscosity and surface tension of the material in a softened state or a molten state by 
constituting a core part using material with a low glass transition temperature compared with a 
clad part, and heat-treating at the temperature which may be made to transform only a core 
part. Thereby, the core end face where the both sides of the section profile of the field inboard 
of a substrate and a vertical section profile become a convex can be formed. 
[0013]Even though it forms which core end face, etching is performed until it exposes the 
whole section of a core part, namely, - whether it leaves the clad of the lower part of a core 
part somewhat on a substrate, or removes all dads and exposes a substrate - further - or it 
does not matter even if it removes some layer parts of a substrate. Since a light emitting 
device is mounted in the removing part of an optical waveguide in this invention, it is important 
to set up etched depth so that the height of the light-emitting surface of this light emitting 
device may agree with the center of a core part. 

[0014]By the way, that transparency is high and there is little waveguide loss as conditions 
required of the clad part which constitutes an optical waveguide, and a core part, there being 
little aging of a refractive index or volume, and excelling [ in heat resistance ]-in consideration 
of solder mounting of luminescence and photo detector ** are mentioned. As a material which 
fulfills these conditions, polymer materials, such as ultraviolet curing resin, such as an epoxy 
system and acrylic, and polyimide, are known for the inorganic material with quartz and 
organic materials. Especially a polymer material is low-cost, production by a low temperature 
process is possible, and, moreover, it has the merit that the correspondence to large-area-izing 
is also easy. 
[0015] 
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[Example]Hereafter, the concrete example of this invention is described. 
r0016] Example 1 -- here, the example of 1 composition of the lightwave signal transmission 
systems in which the level convex part was formed to the incident end face of the optical 
waveguide is explained, referring to drawing 1 . In drawing 1, optical waveguide WG1 which 
extends in the field inboard is formed on the substrate 1. This optical waveguide WG1 
surrounds the core 3 by the clad 2 which consists of material whose refractive index is lower 
than this. Although optical waveguide WG1 has a vertical incident end face to the substrate 1, 
this incident end face is not flat and the level convex part 4 in which a projection amount 
increases toward the center line of the core 3 is formed. 

[0017]On the above-mentioned substrate 1, the laser diode is mounted as the light emitting 
device 10. The longitudinal direction of the active layer 11 of the luminous layer 10 has agreed 
in the extending direction of the above-mentioned core 3, and is made as [ carry out / beam- 
spot BS from the end of this active layer 1 1 / to the center section of the core 3 / image 
formation ]. Here, the light emitting device 10 is correctly mounted on the clad 2 which had a 
part of thickness left behind on [ instead of right above the substrate 1 ] this substrate 1. This is 
for adjusting the position of beam-spot BS according to the main height of the core 3. 
[0018]ln the above-mentioned lightwave signal transmission systems, the breadth ingredient of 
the field inboard (horizontal direction) of the substrate 1 can be completed by this example 
among the ingredient of the laser beam emitted by existence of the level convex part 4 from 
the above-mentioned light emitting device 10. Drawing 1 (b) and drawing 1 (c) are the typical 
sectional views in alignment with the center line of typical plan [ of lightwave signal 
transmission systems ], and optical waveguide WG1 shown in drawing 1 (a). Although the big 
beam periphery ingredient of an angle of divergence is changed into a parallel beam by the 
lens effect of the level convex part 4 as a case ideal for drawing 1 (b) and signs that the inside 
of the core 3 is gone straight on are shown, Even if it does not become a parallel beam in this 
way, compared with the case where the core end face is flat, the incidence angle of the laser 
beam to the interface of the core 3 and the clad 2 can be made small. Therefore, the low 
following mode propagation is attained, waveguide loss is suppressed, and the optical power 
in an emitting end can be increased. 

[0019] Example 2 -- here, the manufacturing process in the case of forming the incident end 
face of the optical waveguide of the lightwave signal transmission systems shown in drawing 1 
shown above by anisotropic etching is explained, referring to drawing 2 thru/or drawing 5 . First, 
on the substrate 1 which consists of materials, such as silicon and glass, as shown in drawing 
2, For example, through the spin coat of polymethylmethacrylate, and heat treatment, rather 
than the lower clad layer 2a and this lower clad layer 2a, the core layer with a high refractive 
index was laminated in this order, then this core layer was patterned, and the core 3 was 
formed. The dry etching through the metal mask which is not illustrated, for example performed 
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this patterning. 

[0020]Next, as shown in drawing 3 , this upper clad layer 2b that formed upper clad layer 2b 
evenly through a spin coat and heat treatment all over the base consists of the same material 
as the lower clad layer 2a, The clad 2 which has two incomes with this lower clad layer 2a, and 
encloses the core 3 is constituted. Next, as shown in drawing 4 , the etching mask 5 which 
consists of metallic materials, such as aluminum and Ti, was formed in the upper surface of 
the above-mentioned clad 2. The heights 5a projected by music convex shape in areas of 
overlap with the core 3 are formed in the edge of this etching mask 5. 
[0021]Next, anisotropic etching of the clad 2 and the core 3 was performed via this etching 
mask 5 using oxygen plasma. As a result, as shown in drawing 5 , the level convex part 4 
which reflected the edge profile as it was was formed in the incident end face of optical 
waveguide WG1 in the pattern of the etching mask 5. After this, the etching mask 5 was 
removed, the light emitting device 10 was mounted in the removing part of an optical 
waveguide in accordance with the conventional method, and lightwave signal transmission 
systems as shown in drawing 1 were produced. 

[0022] Example 3 - here, the example of 1 composition of the lightwave signal transmission 
systems which made the core end face the curved surface part is explained among the 
incident end face of an optical waveguide, referring to drawing 6 . The reference mark of 
drawing 6 is as common as drawing 1 shown above in part. In drawing 6 , among the incident 
end face of optical waveguide WG2, although considered as the level convex part 4 same 
about the clad end face as Example 1, let the core end faces be 3 s of curved surface parts. 
Also in a horizontal section profile, 3 s of this curved surface part is a convex also in a vertical 
section profile. 

[0023]ln the above lightwave signal transmission systems, the ingredient of all the directions of 
the laser beam emitted by the existence of 3 s of curved surface parts from the above- 
mentioned light emitting device 10 can be completed. Drawing 6 (b) and drawing 6 (c) are the 
typical sectional views in alignment with the center line of typical plan [ of lightwave signal 
transmission systems ], and optical waveguide WG2 shown in drawing 6 (a). Although the big 
beam periphery ingredient of an angle of divergence is changed into a parallel beam by the 
lens effect of the level convex part 4 as a case ideal for drawing 6 (b) and drawing 6 (c) and 
signs that the inside of the core 3 is gone straight on are shown, Even if it does not become a 
parallel beam in this way, compared with the case where the core end face is flat, the 
incidence angle of the laser beam to the interface of the core 3 and the clad 2 can be made 
small. Therefore, the low following mode propagation is attained, waveguide loss is 
suppressed, and the optical power in an emitting end can be increased. 
[0024] Example 4 - here, the manufacturing process in the case of forming the incident end 
face of the optical waveguide of the lightwave signal transmission systems shown in drawing 6 
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shown above by isotropic etching and heat treatment is explained, referring to drawing 7 and 
drawing 8 . First, formation of the lower clad layer 2a, patterning of the core 3, formation of 
upper clad layer 2b, and formation of the etching mask 5 were performed like Example 2. 
However, what has a glass transition temperature lower than the clad 2 was chosen slower 
[ the etch rate in the below-mentioned isotropic etching ] as a component of the core 3 than the 
clad 2. 

[0025]Next, the clad 2 and the core 3 were etched according to the isotropic etching condition 
via the above-mentioned etching mask 5. However, since the etch rate of the core 3 at this 
time is slow compared with the clad 2, The incident end face of optical waveguide WG2 did not 
become in the level convex part 4 which reflected the edge profile of the etching mask 5 as it 
was extensively, but changed into the state where only the core end face was left behind as 
some lobe 3p, as [ show / in drawing 7 ]. Next, the etching mask 5 was removed and more 
than the glass transition temperature of the core 3 heat-treated at the temperature of less than 
the glass transition temperature of the clad 2. Thereby, as shown in drawing 8 , the lobe 3p 
changed to 3 s of curved surface parts. The shape of 3 s of this curved surface part is decided 
by the viscosity and surface tension of a component of the core 3. After this, the light emitting 
device 10 was mounted in the removing part of an optical waveguide in accordance with the 
conventional method, and lightwave signal transmission systems as shown in drawing 6 were 
produced. 

[0026]As mentioned above, although this invention was explained based on the example of 
four examples, this invention is not limited to these examples at all, and change, selection, and 
combination are possible for it about details, such as composition of lightwave signal 
transmission systems, shape of an optical waveguide, and a processing method, suitably, for 
example. 
[0027] 

[Effect of the lnvention]Since it becomes combinable to the low following mode by the device 
of the shape of the core end face according to this invention even if it is a case where end face 
combination of the light from an end face light emitting device is carried out in the incident end 
face of an optical waveguide so that clearly also from the above explanation, waveguide loss 
can be suppressed and high optical power can be obtained. The lightwave signal transmission 
systems which harnessed the original strong point of end face combination, such as high 
coupling efficiency and low noise, in full by this are realized. This invention serves as indirect 
support of the high speed and densification of the signal wiring in various electronic equipment, 
and the industrial value is very large. 
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[Drawing 6] 
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[Drawing 7] 
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[Drawing 8] 
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t k ^: o seal* ©ASflSffifc^JS-r *st 3 is 4 , 

ETtas^©®!*^ ic ffljtfr *£££*«:8ir§aA;H 

ssffiKMifii $ € ■& c 4 < wujmmm!$wcimf 
&m 4 is 4 * *r$- * c 4 4 1- 4 jfed^es > * 

tlx ? * > y&ftTtlT* c 4 cc j: 0 . uiast6©®rt 

*P1«: fc W 4liS7 , D77-/ .'U#£i4 a * 2 7SP*®.« 

A©3jji:im. 

[ Ifcftft 6 ] MS a r »4WB ? 7 ? K^S 4 * Si » tt 
xmfOdiihx. p 7 y K8WCtt/«t:»a 7 

tei? *>yi££*.'h4-r *&#t-cit^ c4«j: o 

&a 7tt©iffi*ffgajm^Ati*fflJ: 0 £tfi;* it 
©S|2|-frg. 

[|g*JS7 ] 15133 7^1512 ? 7 ? KSBtCtt^r^ 
5> * e*J*ft©l&, ffll • T t . man 3 XH 
octet* £i s ? > W$?7 UfcfSKl. ga 7$©*&iS: 



(2) #832000-3 9 53 1 

2 

77^ fcGt tlh a h C 4 £$ia4T i 

-r c 4 *#@4f *ss*!i4 lasscc-Tte^eiSi'Xf 

[0 00 1 ] 

10 I'-C. KfbL-ri9^iP*4:ia^«I6S4r 
[0002] 

[K*©iSi«) IC1k(«-?>LS !tS«5©a*tcj:0Cft 

c©J:^fei«iTT?lj:, lf#ffi!ig©«ii • S 
Sigfb^ai2tiS527>s±I2iS«ire<b©* s f 
I'*. C ©BSii •SiRrfi 4 t/C, Sfe-^^Jf-a 
4>t's> (*B2») tfsgSfttva,, ifeSSv*. % 
20 BKBH. »S£Ert©sK- KBU, iK- K^©f 

S?. filitfWHBKjaJSpIteiifA^ft-Cl'*^. ft:4i 
lif »?W©J: ^ictt$5«Ja?l«!©fi#eStciS:7t«;S 

[0003] ccr-. mffi&imuijtjgmztct 

KkZLS m*ftir?}\,???7*%>*->\, (MCM> 
^©f£2IS6tc:ff.ffif -£>*i£. SE*J:9«fflftj62©U- 
*• y^*-K (LD> VSZHVAt-V (LED) # 

30 av*-7-A©fgg£««:jr:f. H9 <a>tCJal>C. Sig 
2 l±ccli:<-©ffirt^(fi](cifiiS3ft6i£«^SSWG3^ 
«B£3ftfC^. C©jfe©i6SSWC3«. a?2 3*C 

ftj: vmft&tow.^mfrhtth*? ■> K2 2-caao 

fcb<OX*>&. 7t«iS§SWG3liS«2 1 tC^L'CSit 
*ciHXS«rW t -Cfc 0 , C ©ADXfflK SST * a 7 2 3 
©ait*ttffl*5a7fflffi[2 3 a 4 <**va>*„ 
[ 0 0 0 4 ] ±iaSlS2 1 .heel*, Sit^S 0«4ttt 
$ft-Cl^ 0 Jbta^ife^ 3 0 ifitct k\t • 
*- Kf«>*»S, •C-WrglieS !©g*-£l&K*±i2a 
40 7 2 3©5£&^(5ilC^Sii5ftrfcO . a?iiiJa3 1©- 
ig*»#,©b-A^*? h BS#3 72 3©4)?iSP<<:iigiK 

t*E$6icligg2!©it±-CI*fr<. l±ic)f 

4. Cftti, bT-AXKv hBS©ffig&372 3©4> 
.CS^tC^sbifCSSgfifeftr^i. #t^g+30 4 
3HS«»VC 3 ©K3£<te£S:iS«>. ^ XtiaSTifc 
©<C », M*©HtC*«.*ffl© t' > xsi©3fe^gpa«r/r 
S?t?4C42t<. @9«^Sft*«t:^K:Stia3 1© 
50 ^ffi^e»©3ttii^3 7 2 3lcAS??1*i < t,^i^ 
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[0 005] 

FS?©£ft£*3 0* 2 1 ©Brt# 

It. 372 3©!BfBW»3»*ei*±K:AtH*«r««8A* 

Jtt9<r<>^3 72 3K*S£l/, l*fo<»«ik%«- Ftt 
^4ort/$^o COKft*, 09 (D) fc£tfH!9 
( c ) CC^nf • @9 ( h ) &KD 9 ( a ) CCiftlffcrtflW 
IS3^A^A©«3Cft<f±ifiB, H9 (c> 

[ 0 00 6 ] F"C«, ^r2 3 <t * 5 * K2 2 

Oft *SBtt& -c BX* 

£ftft{f^££K^ft#*. *cr*»UM: % 

[0 00 7] 

J: 9 K ft * ftfc ftff ^GS ^tAlctt'T, ft Wi£Hl 
&ntucarli0rtft*B%*~ FK-cearettj: 9 

[ 0 0 0 8 ] ^6AOBtH:SJttr«(Ctt t 

±k -eoBrt ^r^tcts -7 c %m <* ftfcft«i£S8© * ? * 
sau s Afc x ? i> * 7 a ? 7 a & h x v 9- s y 
< 1 1 ^ r Mradtewirr * s rxmm * x ? 

[ 0 0 0 9 ] 

a 7«B«CU>Xtt»«:J«&1t*C «B&£> 
(WSBfr^-y/cax*- KBKOftftfciWfriiOl? 
6*. a7f8BOfl£iBSK*, Sfi©art*(S]©6fffl7* 
C77^.'k 4a«fcCXfia*rti©KB^n7 t <r*©J>ft 



(3) KH2 0 00-3 9&3 1 

4 

<£&-*tCfet»'Ca£-r4. BrttflftOKB^o^T 
A MC id I - XQ&aVb % K It. tf- AO® 

it. *6»&^rtcci»*t-i.^(c»urttJWfc» 
*ff*n&. a*>, *»!»ec*5tt&«flB»tt. SB. 
#SHOl*y*vC* ^u^. 
10 [ 0 0 1 0 ] BfrfrfflOfcBy a ? 7 * JMVh&iQt& J: 
9 ft 3 7$&5Sfi£f 4 fc»«Ctt, a 7 SU£ OSfcg|i#tc 
flOBKK*fflS*lfcx y t> • :/D 7 t -/ 

* **fl^>y-^>tftorjlws»*x»f >y 
f4|R«c, P*14x5P^>^»fr*»fflfntfJ:v»o K 

* > . X ^ * > ytC t *-C i < A 7 ^ Wi!Q&0>i3&l£ £ 0 
JWnHU^o ^ * >©AW x* ^ 4 r - ?rS«!>4 c i r* 

Ate**, cn^j:*^ »*sn*A«eBit«fcatc 

HLX ftBSk i ft 0 , » 9 s Ffiffi i ^ 7ffi® i^ii 

[oo 1 1 ] Brt*i*«:aii'cai[*isi©j6SB^ 

D57-/A«>fltft&J:5fta 7&£ 

it. W2r^^; K»4*fic^cx?*>yajt 
^Sfg*i » ^ * K*cctt^«< ft 4 ^: ^ ftftft-cx ^ 
©MifflBJ:0£fiS$tf*. COiift*? ^>^lt, 

^ wft x ? ^ > y&#TX'ft *>ckwv& b. mum 

** K9^x9^>yccj:D^ien«. ftfc. c<oi 
»©x^ * > $riMRtt©*/l«k: J: 0 . r37^o^a^o 
x MDKflWJIft 4o ^ 7SC4 * * Ftt4©n©x 

^ f >yaHW4#*n»«** < ftc>»^tcit. cox 

* *>y*ccSUM«©x 0 tWA«BAA.< ft 4. Lrfc 
tfvc, co**t?+»ftu>x'«i»*#fefi^4c£Ai 

[00 12] l/*t*, J:D+»ftU>X«MMr«J(8* 

40 *±*ctt, ^eccj:o^u^*A^4c4^afifa 

5 ^ F«t£IS««ftc*J: 5cc**fc», ±iaox-^ * 
Tftt>^, 3 7*t>**K*CCtt-xr# 
jBBSltWiBrttccriWalBtfT^CAKlJ:!). ^rsc 

o^agpi t«cf btM^ A;itaai*m ^ w * ^oHm> 

tt«**B**«c J: *ftflB«:*fkr *. cntc 

50 Kffl^a7T-<^O7Z*0iia4ft&«fc^fta7«B*® 
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[0013] oTO0a7«ffl*®*T*Kl/Ci, X 
ftfr*>, 2 7SP©T-fr©*?? K«r«16±K:>fJ«t/X 

6. K*l-^rtt*l/-c*fi*BHlStf 

*>ft «, *«WC«*«aB8(W»*»«:»*Ki L £H£ 

? * ©t\ c ©gfts^Sjfeffl©^ rm>#& 

[00 14] 4C4-C, ftBttBtttaS^??*'* 

n*c±. ^*(f&n«. cnboftfteftfc-rtttu 

ffl*o*AKJ:4fflWiI|&T\ U*fc*BBfc^© 

*htt*»r*«4^-7te^"j 7 hem- 4. 

[ 0 0 15] 

MOM] bt. *s^cr>^<*«^te«tcoc^caft^ 
r*. 

[ o 016] mm\ 

#B^e»i'**^©H*fiMK-?OX, 01 ££$0 
tt*i6MW4. ■ i Ktoi»r , Sfi l ±tci*e©fflrt 

<WfeW?e»WG lit, 273^cn^: DJB*r*©t£l*t* 
f4$-- <bft ^^7fK2 fait/ fc *>©-C*> 4. 
WG 1 t*£fil *dtfl,TSiSftAai©ffi£WUC<,>4 
*>V c©A^ffll«»etfft<, 37 3fl>*^«Kiiai 

T<r>4o 

[ o 017] JbtaSffi i Licit, i o <l Lrfc 

OCffittfll l©»lWtt]dEa7 3©«aflFl*lC£ 

astvctoo. BfttiBi i©-ig^*>©t'-Aa#? 

h B S * ri 7 3 ©**»C ISflf? 4 £ * CC ft 3 *VC t ' 
4. ft to, CCCUJW**! OUZBKliBEl©* 
_tC4*ft < , BBS i ±«c S*fl>-»* «l 3 ftfc * 9 ^ 
K2CD±«c.*ftsnt:^4, cm*. tf-**#*i-B 
s ©lie* 3 7 3©4M&£cc^iraatt?4fc&T 
<$>4« 

10 0 18] ±!20>^{f^e^^A^AtCfeC^C«, * 
*ttfflrlfc*¥flffl»4 ©ff fctc J: 0 . ±BJW6*T 1 

<*¥*iai) odwoawtftftSMcii^t?**. 

mi (bl^mi (cH*, Hi <a)cc*l/fc* 



(4) M2000-3953 1 

6 

l©4M:4»tc»ofc835WIISfflH'CA4. 01 <b> K 
ifiEBffjft «r - a t u r . »j ft©* * ft tr- A9m 
Jft0#* WB V4 © u > k <fc 0 ¥?f#K $ 

n. 37 3*«:it« , *'&»-i i ^*sn-c^&*s. \mc 
© * b jc wft t«ft feft < r <>, ^ 7tta^?fflftti 

£K fcfr* r =J 7 3 1 1 5 ^ K 2 ©^IS^© -trft©A 

tfA«jJvs<r«c wc#-?x\ B»t- 

Kea^^tttao, BttM&#ftK4n v muttcc** 

io [ o 019] mm2 

cctit gratia i K^ufcjfefi^e&s'A^©* 

£©381-7 c * * tc-pc . 02 ft C * 1/0 5 **B5 O ft 

3^6|^f4. *r, 02K?n;*ft*J: J *<C, 

W ? A«©ffi4*>&ft 4S« 1 ±*C • fc i 'J 

> ^? >> y u - h © a t > 2 - h ^ «fc cxtttti ^Sr 
? KB 2 a % to «fcC«tT*ir 5 ^ KB 2 a J: »J 
*>M*r*©]5*r>37B*C©JlHcSBU, iXCCC©^7 
B*^*-^>yi/ra7 3*««Ufc, C©^»-^ 

[00201 xtc, Bsec^n^cC^cc, mtco^m 

ttfc i A K A > a - hto J: O'^^FI ?:igr ±Sf * 5 ? 
KB 2 b*¥tt(c«J«l/ft:C©±«>9^ KB 2 bliT 
«>*tf KB2a&Bll>HMi^6ftD. 54T^ 7 ^7 ^ K 
B2a t»B0-C373*«0Hfr>5^ K2«:SI.«r 

&<>© ( Cib4 i vtcc, 04(^^n^^^tc, 

? K2©±a<Cft:<t^ltA 1 , T ! V©ABtm»6ft 

30 ^^SO*?^!*, 3 7 3£©Stt*&icto<r>rfl 

[0 02 1 ] XIC, CW^>y« -?A>5*At/, 
fe^AlflBX^X-7<;Bi»r»9 9 K2toJ:tf?7 3 

4^: ^tc % jfewasSWG l ©AMiKBicttx ^ • 
7X jF5©'<*->*X9^ • 7*D7r^JU«r-e©** 
S»0fc* J HbiS»4^JBfi»$nfc i C©?%(i. i?* 

1 0 0 1 ^;Si,fe«fc ^ftjfe 

40 «ea!/A*-Atftiiute. 

[ 0 0 2 2] ^feg<3 

CCtti, ^£SM>Atiffl94>, 27^®*SS^i 
i^cTtm^es i-'-A ^ ^©-UMlffW: ^^r, b 6 
JRl/«tf*«WJT*. ft4a. B6©»KH»I*. BIB© 
Bl t-JB^B'CA*. B6tCtol'-C. jj»«BWG2 
©AWiffl*. 7 KBffltc-n-TBjBMili 
©4cWbBB4&snri>«3^ t 37«fiBtiftSSU3 o 
tsnri'4. c©ffl®sii3sit, *¥*(fiJ©Kffi^a 
77 ^^ncto(r»'C^Sil*rt©Kffl^o7T <f jMctoi* 
50 rfeflt 1 *^ 
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[0023] ±f2<DJ: ^*{f^£i*^Ar AK^vr 
It. fiffl«3s©JMecc«fcD, JbSBS***10s»»6ft 

4#-c**. @6 (b) ^cfco'iae (c) i*. me 

06 ( I) ) fcj:tfil]6 (c> 

<d u > x«mk j: o 3Rf#K&& <* ft. ^ 7 3 * £ftM 
f * &*a*7n<* ft r t * i>& . <£ic c © ^ tc^tf ft 4 it 

<*tf*C4#'CS4, 
[ 0 0 2 4] g|jSfl4 

♦JBSW **S£<CS8&7o%;^c^c, E]7fc<J:0'E] 
8£MU'tt#61H!'*'*. ST, XftMN2 4HIICCT 

as**? pjisaMWt. 3r3^^-^>^. ±* 

M^-jfc, fcKU 3730>^5E«tt4t/Ci*, ft 
aoC'^^tt x ? ? > ? ccia & x v 9 > * v ? 
F 2 «fc 0 . avptf ? *§i#S&# * 5 K 2 J: »J 

[ 0 0 2 5 ] ±ISx * 5 £*U,T 

%$mtJ:xv?y>f&m£X,*)!?y? K2 4 27 3&X 

Y'ZlCtt^XgWX. *««SWG2fl!)A 
SftgElt^BifiKx * ^ ■ -7*»54>x ? ^ • 7P 
77 -<^«:*CS>**SftUtokTfliB»4 4I«C 

pti/-cwshtei«i4aofc. *«. x-;*^--? 

5*1**1,. 37 3©#5>A«0»teLL 
F 2 *mim&&1fc<Q&lZKX«b&M&t : r ofc. 
CftKJ:^ 08K^$ft*J: J ><C. £ffiS53p#ftS 
»3sUl?S:ffcUfco C^S^3s0r.^{^ 3730 

1 0 £*ttu 06 KmUfciJ: *ttftflWe&'a?* 
[ 0 0 2 6 ] «±, *#fe« £ 4 0«(7>1&j£flcc 4 X 



(5) WB2 0 00-3 0 53 i 

[0027] 

[swgxmi) obaaaw* ^(c. 

<DX*tc J: OBX*- K^flS»**WWI*4 * 
*ft4Ettftti§&C44S'Cft&. cntc 
J: 9. MdSI*, iB9E*4^-?A:«i»*^a>**«* 

io jW«ffc©H»Wxa4a-S^©'C*9 % «:G>&g±0 
[BBflMMttlM!] 

[0 1 ] *«gB8(^ASWsfitc*¥eiffi»«r^LA:* 

< a ) (t&TOtlS, ( b ) (*gi2SW±®EL ( c > li 
[B2] ll!©^f^eS^XrA^^jl7DT2^CCfe 

20 [@3] H2©5tt:±cc±»>^ ? KBftRHlyfcttSR 
[04] 0 3 CO*?? F©±rx^^>^- 

* - x > y i/fcttas*ftT«ns»aH'c*&. 

[05] B40X? 

[06] jt«858^A^SCCffl®g[J^.^i.^c*^ 

< a ) ttflHMttB. < b ) tttH3Cn±9BB, < c ) It 

[ 0 7 ] H 6 oc-^ft^Gis r ^dtt^ o * ^ k ^ 
l^C. x? ^A>*/M#rft««BW:^*-i 

«tt0"C'^^>, 

[08] H7«>^tiI««M««(CJ:DAB9«(Cft{bS1t 
[09] jmBCO AMttiEW^ fE>Ai ffi3fe(Ojfe(f ^fe^ 

a. ( b > \mjw±m®. ( c ) tt«wiOK>Hs# 

40 H<Cfi^fclftXKlMin i CM. 

2-»?K 2a-T»>5?KI 2 b 
-1»>7^"9 3 -3 7 3 P- (3 7(D) ^ajgfi 
3 s 4 »-*TC»ffl« 5 - x ^ *> y • ^ 

A? 5a- (x^*>^ • 1 0-#fc 

jfe^ 11-tSttB WG1. WG2 -jfe^gBfi B 
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